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Objectives. This study was designed to define and contrast the
mechanisms of lumen ea
	
nt from coronary balloon anglo-
and directional coronary at
onny using intracoronary
mound Imaging In vivo .
Background. The mechanisms of lumen enlargement produced
by perch uminal coronary balloon
y and
directional coronary ath erectomy are not known because the
coronary artery wall has not previously been stn before
and alter dilation .
Methods. We used
hdracoronary ultrasound to quantitate
coronary htmen, vessel and plaque area both before and Immedi-
ately after s coronary angioplasty (n = 30) and direc-
tional coronary atherectomy (n = 25) at the site of most severe
Results. Angioplasty Inc lumen area by 2 .80 ± 0.25 mm2
(mm t SE, p < 0.0001). Eighty-one percent of this lumen gain
ranted from an increase In vessel arm and the remaining 19%
from a reduction in plaque area . Lumen pin ofindividual lesions
was separated into three groups : 67% had an inc In vessel
area (
expansion), 13% had a d in plaque area and
20%
bad
a combination of both. In contrast, vessel
ion
contributed only 22% of the lumen gain with directional coronary
albs y, with the majorlly (78%) of increase in lumen size
Catheter-based interventions for the treatment of coronary
artery disease have become commonplace ; however, the use
of these techniques is limited by acute complications in 3%
to 5% of patients (1-4) and by restenosis in 30% to 50%
(5-10) . Approaches to both acute complications, as well as
strategies to address restenosis, are hampered by our lack of
understanding of the immediate changes in the vessel wall
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coming from a
reduction
in plaque area. Directional coronary
athe tomy increased lumen area from 2 .36 t 0.05 to 7.00 ±
0.28 mm' (p < 0.0001) . Plaque reduction was the sole : -mechanism
in 60 0 of lesions, v l ex nsion was the sole mechanism in 12%
and a combination of both mechanisms occur in 28%. Lumen
enlargement of eccentric lesions treated with directional coronary
atherectomy was more commonly associated with plaque reduc-
tion
(p < 0.02), whereas eccentricity did not affect the mechanism
of lumen enlargement with coronary angioplasty .
Conclusions. This is the first study to systematically examine
the co artery wall in vivo at the site of a severe stenosis both
before and after catheter-based interventions in humans . Lumen
enlargement from coronary angiop occurs predominantly
from vessel expansion or stretching, although a reduction in
plaque area contributes to the lumen gain in many patients and is
the sole mechanism in a few . Lumen gain from directional
coronary atherectomy Is predominantly from reduction in plaque
area (probably owing to tissue removal), although vessel stretch-
ing (balloon effect) occurs and is the sole mechanism in a small
minority of vessels . Plaque reduction is more common in direc-
tional coronary atherectomy of eccentric lesions .
(1 Am Coll Cardiol 1994;23 .40-8)
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after both balloon angioplasty and directional coronary
atherectomy. Additionally, the incidence of acute complica-
tions, as well as restenosis rates, may differ between these
methods of percutaneous revascularization and may be
related to differences in the mechanisms of lumen gain
(11,12).
Since the clinical development of balloon angioplasty,
investigators have speculated about the mechanism of lumen
enlargement from percutaneous transluminal coronary an-
gioplasty. Gruentzig (13) and Dotter and Judkins (14) sug-
gested that lumen enlargement was primarily due to com-
pression of soft components of atherosclerotic plaques
without expanding the external vessel dimension . Ex vivo
studies (15) of freshly removed human arteries confirmed
that plaque compression can contribute to lumen enlarge-
ment, especially in arterial segments with a high lipid con-
0735-1097194/56 .00
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tent. However, angioplasty also produces endothelial denu-
dation, intimal cracks and medial tears seen histologically
both in explanted human arteries (16,17) and in animal
models (18) . Additionally, pathologic studies (19-22) of
patients who died after coronary angioplasty have confirmed
the presence of both intimal and medial disruption in human
coronary arteries due to angioplasty . The disruption of the
vessel wall alone appears insufficient to account for all the
increase in the lumen cross-sectional area and the improved
blood flow after angioplasty . It is likely that the cracks, tears
and dissections are due to stretching of relatively inelastic
components of the vessel wall, thus allowing the vessel to
expand . The relative contribution of plaque compression and
vessel stretching in human coronary balloon angioplasty has
not been defined because it has not been possible to system-
atically study the coronary artery wall in vivo both before
and after angioplasty until just recently .
Directional coronary w.-herectomy utilizes a fundamen-
tally different process from that of coronary angioplasty for
percutaneous treatment of obstructive coronary disease .
The directional coronary atherectomy catheter incorporates
a circular cutter to shave atheroma from the lumen surface of
the vessel after a positioning balloon is inflated to invaginate
the plaque into the open window (23) . Histologic examina-
tion of explanted human arteries after atherectomy in vivo
has demonstrated areas of plaque removal (24,25). By com-
paring the weight of tissue retrieved by atherectomy with a
model of the vessel wall constructed from quantitative
coronary angiography, Safian et al . (26) have suggested that
tissue removal is only partially responsible for the lumen
enlargement after atherectomy . The effect of passing the
relatively large atherectomy catheter across a severe steno-
sis and inflation of the positioning balloon may also contrib-
ute to lumen enlargement after directional coronary atherec-
tomy. Therefore, the relative contribution of plaque removal
(atherectomy effect) and inflation of the positioning balloon
(balloon effect) to lumen enlargement remains unknown .
Intracoronary ultrasound provides cross-sectional images
of the vessel wall morphology in vivo. The external elastic
lamina and the lumen border can be reliably defined, thus
allowing precise measurements of vessel cross-sectional
area, lumen area and plaque area at a given site (27-32) . Ex
vivo intravascular ultrasound imaging of teveral types of
larger explanted arteries before and after balloon angioplasty
has suggested the potential to assess changes in atheroscle-
rotic vessel walls in vivo (33) . Using intravascular ultra-
sound imaging before and after peripheral angioplasty, Isner
et al. (34) demonstrated elastic recoil from balloon angio-
plasty of large peripheral arteries in vivo ; however, assess-
ment of changes in the wall was not described . Previously,
intracoronary ultrasound imaging was limited to postinter-
vention studies because of the large size and profile of these
catheters; however, with the recent development of a
smaller 3.5F coaxial catheter, imaging of severely diseased
coronary artery segments before angioplasty or directional
coronary atherectomy is possible, making this technology
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uniquely suited to assess changes in coronary arteries in vivo
(35) . We utilized intracoronary ultrasound imaging immedi-
ately before and after angioplasty and atherectomy to mea-
sure acute changes in the lumen and vessel dimensions to
define and contrast the mechanism or mechanisms of lumen
enlargement achieved by these two techniques in humans .
Methods
Subjects were recruited for this study from patients
undergoing clinically indicated coronary angioplasty or di-
rectional coronary atherectomy at The North Carolina Bap-
tist Hospital between August 1991 and May 1992 . All gave
informed written consent before enrollment . The protocol
was approved by the Clinical Research Practices Committee
of The Bowman Gray School of Medicine, Wake Forest
University . Both men and women were recruited . Although
many of the patients presented with acute ischemic syn-
dromes, all were clinically stable and free of ischemic chest
pain for 724 h before the study .
Study protocol . Baseline demographic and clinical data
were collected from the patients. All had at least one severe
(?70%) stenosis in a major coronary artery with an angio-
graphic lumen diameter :->2.5 mm as judged from a normal-
appearing segment adjacent to the stenosis . Vessels were
selected on the basis of size only because vessels <2 .5 mm
have poor intracoronary ultrasound images . Any site appro-
priate for coronary angioplasty or directional coronary
atherectomy was eligible for an intracoronary ultrasound
study .
After cannulation of the study vessel, baseline angio-
grams were obtained, intracoronary nitroglycerin (100 to
200 fig) was given and the vessel imaged using a 64-element,
20-MHz, solid-state ultrasound transducer mounted on a
3 .5F coaxial catheter (Vision, Endosonics, Inc .) passed over
a 300-cm 0 .014-in, (0 .036-cm) guide wire . Before imaging,
ringdown artifact was subtracted with the catheter centered
in a disease-free, proximal portion of the vessel and the
catheter away from the vessel wall so as to not incorporate
part of the vessel wall in the subtraction image . The minimal
lumen diameter due to imaging constraints was 1 .5 mm .
Images were collected along the length of the vessel with
special emphasis at the site of most severe stenosis and
stored on VHS tape for later off-line quantitative analysis .
Catheter position was confirmed fluoroscopically with the
aid of contrast injections .
After completion of intracoronary ultrasound imaging,
either coronary angioplasty or directional coronary atherec-
tomy was performed while the guide wire position was
maintained. Coronary angioplasty was performed in stan-
dard fashion with either 2 .5-, 3-, or 3
.5-mm balloon catheters
from a variety of manufacturers . Likewise, atherectomy was
performed in standard fashion using either 5F, 6F or 7F
Atherocaths (Devices for Vascular Intervention, Inc
.). All
lesions undergoing atherectomy were treated solely by
atherectomy (that is, none underwent angioplasty before or
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after the procedure) . All lesions studied were in native
coronary arteries except one saphenous vein graft anasto-
mosis in the angioplasty group and one saphenous vein graft
body lesion in the atherectomy group . Procedures were
judged successful solely on angiographic criteria of a reduc-
tion of the percent stenosis to <50% residual. After success-
ful revascularization, intracoronary ultrasound images were
again collected, after the administration of the intracoronary
nitroglycerin, along the length of the vessel with special
emphasis on the previously most severe stenotic site . Fluo-
roscopy with contrast injections as well as intracoronary
ultrasound morphology were used to guide the repositioning
of the intracoronary ultrasound catheter to identify the
preintervention reference site .
Image analysis. The video images obtained from the sites
of interest were carefully reviewed and sites were selected
that showed the smallest lumen area before and after inter-
vention . Single video frames were selected from each site
that demonstrated the largest lumen area within the cardiac
cycle, the least amount of motion artifact and the best clarity
of the boundaries of interest (that is, the blood-intimal and
the medial-adventitial interfaces) . These frames were digi-
tized into a 512 x 512 x 8 bit matrix (Dextra Systems) and
stored on computer. Using a mouse-driven cursor, the
medial-adventitial boundary was manually traced by a con-
sensus of two experienced operators and the total vessel
area was measured by automated planimetry. Similarly, the
blood-intima interface was traced and the lumen cross-
sectional area measured . Plaque area was defined as the
difference between total vessel area and lumen area (Fig . 1) .
Although this area also contains the area occupied by normal
media, the amount of normal media is small and its percent
contribution to this wall area is small in this severely
diseased segment . Therefore, this area predominantly repre-
sents plaque area and is the best available measurement in
vivo
. Using this methodology, we (36) previously showed
that the coefficient of variation by repeated measurements of
minimally to severely diseased segments is 12% to 14% .
Vessels were also evaluated for eccentricity . The thinnest
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Figure 1 . Intracoronary ultrasound (ICUS) im-
age (left) of an atherosclerotic vessel with anno-
tated diagram (right) . The intracoronary ultra-
sound catheter is seen in the middle of the vessel
lumen. The lumen boundary is defined by the
abrupt transition from the central echolucent
zone and the brighter echo-dense plaque . The
medial-adventitial boundary is shown and defined
as the echo-dense outer boundary . Vessel area
was defined as that area within the medial-
adventitial boundary, lumen area as that area
within the lumen boundary and plaque area as the
difference between these two areas .
and thickest segment of the wall was identified and measured
using a digital ruler . A ratio of the thickest to the thinnest
wall >_2 defined an eccentric location of the lesion . Although
artifactual eccentricity of atherosclerotic plaque has been
induced by noncoaxial alignment of the catheter in the
vessel, this artifact is minimized with an over the wire,
coaxial imaging catheter. Additionally, because eccentricity
was evaluated before coronary intervention, the catheter
generally completely filled the entire lumen, which mini-
mizes the ofaxis alignment responsible for asymmetrically
increasing the apparent wall thickness. The presence or
absence of calcium was assessed by echo-dense areas caus-
ing shadowing and semiquantitated as follows: 0 = no
calcium seen, 1+ = mild calcification involving <25% of the
wall, 2+ = moderate calcification involving <50% of the
wall and 3+ = heavy calcification of the vessel involving
>50% of the wall .
Statistical analysis. Comparisons of continuous variables
were made using two-tailed, two sample t tests or the
Wilcoxon rank-sum test as appropriate. The two-tailed
Fisher exact test was used for comparison of the distribution
of categoric variables (37) . Data are expressed as mean value
± SE .
Results
Thirty lesions in 28 patients undergoing coronary angio-
plasty (Fig. 2) and 25 lesions in 24 patients undergoing
directional coronary atherectomy (Fig. 3) were studied. The
mean age was 56 years for the angioplasty group and 58
years for the atherectomy group . There was a similar pro-
portion of men and women in each group. In the angioplasty
group, a broad mix of vessels was studied, whereas in the
atherectomy group, there was a preponderance of left ante-
rior descending arteries studied . There were a variety of
indications for revascularization in both groups, including
stable angina, restenosis, unstable angina and recent myo-
cardial infarction ; however, in both the angioplasty and
atherectomy groups, syndromes associated with unstable
JACC Vol . 23, No . I
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Figure 2 . latracoronary ultrasound (ICUS) images
(left) before (upper) and after (lower) successful
coronary angioplasty (PTCA) . The preangioplasty
image shows a very eccentric lumen, which is totally
filled by the irimcaronary ultrasound catheter . The
postangiopiasty image shows a larger lumen due to
overall vessel stretching. Annotated diagrams are
shown at right .
plaque and thrombus formation were most prevalent and
equally distributed between the two groups (Table 1) .
Patients undergoing coronary angioplasty . The mean
cross-sectional lumen area for the coronary angioplasty-
treated lesions increased by 2 .80 ± 015 mm' from 2 .59 t
0.07 to 5 .39 ± 0.25 mm2 (p < 0.0001) (Fig. 4). Cross-
sectional vessel area for the group increased from 16 .12 ±
0.92 to 18.38 ± 0.90 mm 2 (p < 0.001), which accounts
for 80.7% of the lumen gain . Plaque area decreased from
13.52 ± 0.90 to 12 .98 ± 0 .82 mm2
(p
< 0.003), accounting for
the remaining 19 .3% (Fig. 5) .
The vessels treated with coronary angioplasty could be
separated into three groups according to the observed
Pm)
Figure 3 . Intracoronary ultrasound images
DCA
(ICUS) before (upper) and after (lower) success-
ful directional coronary atherectomy (DCA) . The
preatherectomy image shows a centrally located
lumen in a concentric plaque . The intracoronary
ultrasound catheter totally fills the lumen . The
echo-dense area from the 6 to 8 o'clock positions
is mild calcification causing mild shadowing . The
postatherectomy image demonstrates a larger lu-
men with no increase in total vessel size . Anno-
tated diagrams are shown at right .
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changes in lumen, plaque and vessel area. In 20 (67%) of 30
lesions, lumen gain was accompanied solely by an increase
in vessel area, consistent with vessel expansion or stretch-
ing. Inn four lesions (13%), the lumen gain was associated
solely with a reduction in plaque area, consistent with plaque
compression or redistribution, whereas in the remaining six
lesions (20%), there was a significant contribution of both
mechanisms to lumen gain (Fig . 6) .
Eccentricity and calcification were assessed on the pre-
coronary angioplasty intracoronary ultrasound image for
each lesion . Twenty of the thirty lesions were eccentric .
Twelve lesions showed some degree of calcification . By
univariate analysis, neither eccentricity nor calcification was
Medial-Advenfilial
Boundaries
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Table 1 . Patient Characteristics
*Denotes the largest size balloon (PTCA) or atherocatheter (DC) used in
the lesion . Unless otherwise indicated, data are presented as number of
patients . DCA = directional coronary atherectomy ; LAD = left anterior
descending coronary artery ; LCx = left circumflex coronary artery ; Ml =
myocardial infarction
; PTCA = coronary angioplasty ; RCA = right coronary
artery ; SVG = saphenous vein graft,
associated with the mechanism of lumen enlargement . Sim-
ilarly, age, gender, clinical presentation and vessel dilated
were not associated with the mechanism of lumen enlarge-
ment (Table 2) .
Patients undergoing directional atherectomy. Mean cross-
sectional lumen area for directional coronary atherectomy
treated lesions increased by 4 .73 ± 0.38 mm2 from 2.36 ±
Figure 4. Graphs depicting lumen size in vessels before and after
coronary angioplasty (PTCA) (n = 30) or directional coronary
atherectomy (DCA) (n = 25). The preprocedure lumen areas cluster
around the size of the intracoronary ultrasound catheter . Mean
lumen sizes ± SE before and after intervention are shown in the
open cites
with bars .
pro post
PTCA
pro
post
DCA
Z
4
2
®4
VESSEL
AREA
PTCA
[] DCA
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Figure 5. Bar graphs showing the mean changes over baseline in
lumen area (lumen gain) after coronary angioplasty (PTCA) (n = 30)
and after directional coronary atherectomy (DCA) (n = 25). The
contribution of an increase in vessel area (vessel stretch) or a
decrease in plaque area (plaque reduction) is shown at right . Vessel
stretch accounts for 81% of the lumen gain after angioplasty,
whereas plaque reduction is responsible for 78% of the lumen gain
after atherectomy . Values are mean value ± SE (mm2) ; p < 0.05 for
coronary angioplasty versus directional coronary atherectomy for
each value .
0.05 to 7.00 ± 0.28 mm2 (p < 0.0001) with successful
atherectomy (Fig . 6) . This lumen gain was associated with a
relatively small increase in vessel cross-sectional area by
0.79 ± 0.30 mm2 from 16.68 ± 0.77 to 17.47 ± 0.78 mm2
(p < 0.02), whereas there was a substantial decrease in
plaque area by 3 .82 ± 0.55 mm2 from 14.33 ± 0.76 to
10.51 ± 0.74 mm2 (p < 0.0001) (Fig . 5) .
In contrast to the lesions treated with coronary angio-
plasty where the predominant mechanism of lumen gain was
vessel expansion or stretching, the predominant change
associated with lumen gain after directional coronary
atherectomy was a reduction in plaque area . This accounted
for 78% of the total lumen gain and was the sole mechanism
in 15 vessels (60%) . In three vessels (12%), vessel expansion
was the predominant mechanism, and in the remaining seven
vessels (28%), some contribution of both vessel stretching
and plaque reduction occurs (Fig . 6) . The difference between
the distribution of mechanism of lumen enlargement be-
tween the coronary angioplasty- and directional coronary
atherectomy-treated lesions was highly statistically signifi-
cant (p < 0 .001) (Fig. 6) .
Similar to the angioplasty group, there was no association
between patient factors (that is, age, gender, clinical presen-
tation or vessel studied) and the mechanism of lumen gain .
Morphologic features of eccentricity and the presence of
calcium were assessed on the predirectional coronary
atherectomy intracoronary ultrasound image . Of the 15
eccentric lesions, 12 (80%) had plaque reduction as the
predominant mechanism of lumen enlargement, none had
solely vessel expansion and 3 had a combination of both
plaque reduction and vessel expansion . In contrast, in con-
PTCA
(n = 28)
DCA
(n = 24)
Age (yr) (mean ; range)
55 .7 ; 43-72 57 .6 ; 41-83
Male/female
16112
14/10
Vessels (no .)
LAD
8 20
LCx
8 1
RCA
13 3
SVG
1
1
Total
30 25
Indications
Stable angina 6
4
Restenosis
5 2
Unstable angina
6 13
Recent MI 11
5
Device size (no .)*
Balloon
2.5 mm
11
3
.0 mm 16
3.5 mm 3
Atherocatheter
5F 2
6F
20
7F
3
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Figure 6. Pie charts depicting the pre-
dominant mechanism of lumen enlarge-
ment by lesion in coronary angioplasty
(PTCA)-treated vessels (n = 30) ana direc-
tional coronary atherectomy (DCA)-
treated vessels (n = 25) . In angioplasty-
trea!ed lesions, vessel stretch was
responsible in 20 lesions, plaque reduction
in 4 and both mechanisms in 6 . In atherec-
tomy-treated lesions, plaque reduction oc-
curred in 15 lesions, vessel stretch in 3 and
both mechanisms in 7. The difference in
the proportion of mechanisms is highly
statistically significant (p < 0 .001).
centric lesions, three had vessel stretching alone, only three
had plaque reduction alone, and four had some contribution
of both mechanisms . Thus, plaque reduction is more fre-
quently associated with lumen enlargement after directional
coronary atherectomy in eccentric but not in concentric
lesions (p < 0.02) (Table 2, Fig. 7).
Discussion
Mechanisms of coronary angioplasty . Percutaneous trans-
luminal coronary angioplasty produces tears, cracks and
dissection of the atherosclerotic plaque and vessel wall
(13-16) . However, plaque disruption alone does not account
for the increase in lumen cross-sectional area produced by
angioplasty . Therefore, it has been proposed that there is
stretching of the vessel to account for the lumen gain after
angioplasty (38) . Confirmation of this hypothesis has not
been possible without serial study of the vessel wall both
before and after dilation . In this study, we present the first
systematic evaluation of the vessel cross-sectional morphol-
ogy both before and after successful angioplasty and direc-
BRADEN ET AL,
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DCA
vessel stretch Both
And Stretch
(67%) (28%)
(12%`
Plaque Reduction
(60%)
tional coronary atherectomy in vivo using intracoronary
ultrasound .
We found that the enlargement of the lumen produced
after coronary angioplasty was primarily associated with an
increase in vessel area consistent with stretching of the
vessel. In 67% of the lesions treated with angioplasty, this
was the sole mechanism of lumen enlargement . Waller (39)
has suggested that vessel stretching with angioplasty would
occur in the disease-free section "the vessel with eccentric
plaque , ; however, we observ vessel stretching in both
eccentric and concentric plaques . This likely occurred be-
cause cracks and dissection of the intima and media now
allow for the entire vessel to stretch, no longer constrained
by dense, fibrocalcific plaque that has been disrupted by the
inflated balloon .
In four lesions treated with coronary anginplasty, a
reduction in plaque cross-sectional area was the sole mech-
anism of lumen enlargement. This plaque reduction may
represent plaque compression or expression of relatively
liquid or soft lipid-rich components from the plaque into the
lumen or adjacent segments of the vessel wall (15), Because
Table 2 . Mechanism of Lumen Enlargement by Patient Indication and Vessel Morphology
*Differences between mechanisms in eccentric and concentric lesions (p < 0
.02) . Numbers in parentheses
indicate the total number in the subgroup. Abbreviations as in Table 1 .
PTCA
DCA
Vessel
Both Stretch
Plaque
Reduction Both
Vessel
Stretch
Plaque
Reduction
Indication
Stable angina 4 1 2(7)
3 1(4)
Restenosis 4
-
1(5)
-
1 1(2)
Unstable angina 5 1
1(7) 1 8 5(14)
Recent Ml 7 2 2(11) 2
3 -(5)
Morphology
Eccentric 14 2
4 (20)
- 12 3 (l5)*
Concentric 6 2 2(10) 3
3 4(10)
Calcium present 8 2 2 (12)
3 8 3 (14)
Calcium absent 12 2 2(16)
- 7 4(11)
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Both
(20%)
Eccenkic
Plaque Reduction
(80%)
Both
(A41%)
we only assessed cross-sectional area at the location of the
most severe stenosis, we are unable to document evidence of
longitudinal redistribution of the plaque area within the
lumen. We observed o evidence of distal embolization to
account for a reduction in plaque area . Unstable angina and
myocardial infarction are associated with thrombus forma-
tion within the lumen (not distinguishable from plaque by
intracoronary ultrasound), which might be expected to be
relatively soft and potentially could undergo longitudinal
redistribution from balloon inflation, accounting for plaque
area reduction. However, even in patients with these throm-
bus-associated syndromes, vessel stretching was the most
frequent mechanism of lumen enlargement (Table 2) . A
combination of both vessel stretching and plaque reduction
occurred in 20%o of lesions .
Mechanisms of directional atherectomy . Unlike coronary
angioplasty, in which vessel stretching was primarily respon-
sible for lumen gain, directional coronary atherectomy was
associated with marked plaque reduction . Because atherec-
tomy physically removes plaque, it is not surprising that
plaque reduction was responsible for nearly 78% of the
lumen gain and was the sole mechanism of lumen enlarge-
ment in 600 of lesions . Some investigators (27) have sug-
gested that tissue removal is insufficient to account for the
lumen gain from successful atherectomy and that either
dilating the vessel by the introduction of the atherectomy
catheter or multiple inflations of the positioning balloon is a
major contributor to lumen enlargement
. Some of the
reduction in plaque cross-sectional area after atherectomy
might be due to plaque compression or redistribution from
the centering balloon; however, even with angioplasty,
which uses much higher balloon inflation pressures, plaque
area reduction was not a prominent mechanism of lumen
enlargement
. Conversely, 22% of the lumen gain in the
atherectomy-treated vessels was due to an increase in vessel
area consistent with vessel stretching . In 3 lesions, vessel
expansion was the sole mechanism of lumen enlargement
after ttherectomy and in 7 of the 25 lesions, there was
contr bution of both plaque reduction and vessel expansion .
Therefore, although the predominant mechanism of the
rttric
Plaque Reduction
(30%)
Vessel
Stretch
(30%)
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Figure 7. Pie charts depicting the distribution
of the mechanisms of lumen enlargement in
patients undergoing directional coronary
atherectomy based on a morphologic assess-
ment of eccentricity. Eccentric lesions (n
15) were more commonly associated with
plaque area reduction when treated with di-
rectional coronary atherectomy than were
concentric lesions (n = 10) (p < 0 .02).
lumen enlargement after atherectomy is plaque reduction,
most likely due to tissue removal (atherectomy effect), there
is some component of vessel stretching (balloon effect) as
well .
These data are consistent with the finding of Tenaglia et
al. (40) regarding the mechanism of both coronary angio-
plasty and directional coronary athercctomy. Their study
assessed the mechanism of lumen enlargement after angio-
plasty and atherectomy by comparing a proximal reference
segment of the vessel with the site of severe stenosis after
the intervention . Technical limitations of a large catheter
size prevented predilation imaging in most of the vessels .
Because of remodeling in severely atherosclerotic coronary
arteries (41), it was not possible to quantitate the precise
changes in vessel dimensions after angioplasty and atherec-
tomy; however, vessel stretching was evident in these
angioplasty-treated vessels. With miniaturization of the
catheter size, preintervention imaging is now possible and
the present study extends the findings of Tenaglia et al . (40),
allowing for quantitative assessment of the relative contri-
butions of vessel stretching and plaque reduction to both
angioplasty and athercctomy .
Preprocedural intracoronary ultrasound imaging has not
previously been used to predict the outcome of an intravas-
cular intervention. Plaque reduction, likely due to tissue
removal, was more common in eccentric lesions treated with
directional coronary atherectomy. Whether concentric le-
sions should be treated solely with coronary angioplasty will
require more study .
Limitations. Although the intracoronary ultrasound cath-
eter is small (3 .5F), there is probably some dilation of the
stenosis with the introduction of the imaging catheter . Be-
fore coronary angioplasty or directional coronary atherec-
tomy, the catheter generally filled the lumen and completely
obstructed blood flow ; therefore, the preintervention lumen
measurements cluster around the size of the catheter . Addi-
tionally, the plaque may have been altered by passing the
catheter through the obstruction ; however, because of the
small size of the catheter, one would excsect this alteration to
be relatively minor . There is also an electrinic blanking zone
JACC Val . 23, No . I
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around the catheter in which a :50.2-mm zone obscures the
near field capability of the catheter . Thus, we almost cer-
tainly overestimated the predilation cross-sectional lumen
area, and the actual lumen gain after angioplasty or atherec-
tomy was probably even larger than we calculated . Addi-
tionally, although extreme care was taken to compare im-
ages at exactly the same sites before and after intervention,
some displacement of the catheter could cause small differ-
ences in these measurements .
We did not quantify tears or dissections in this study .
Pathologic studies as well as angioscopic findings suggest
that there is extensive lumen surface disruption with balloon
angioplasty and this would be sufficient to allow for vessel
stretching . Because these frondss of tissue extending into the
vessel lumen would occupy a relatively minimal area, the
contribution to cross-sectional lumen area is minimal and
our methodology of defining the lumen as relatively smooth
echo-dense border, often better outlined with contrast injec-
tion, is a reasonable estimate of the true lumen area .
The patients undergoing coronary angiop!asty or direc-
tional coronary atherectomy were not matched for vessel
studied, vessel size or presentation
; however, none of these
variables were associated with the mechanism of lumen
enlargement after angioplasty or atherectomy . Because of
technical considerations, the ideal lesion treated with
atherectomy is different from that treated with angioplasty ;
therefore, it would be difficult in a study such as this to
match these clinical and procedural factors . The fact that
lesions thought more likely to be associated with thrombus
and acute changes in the vessel wall (that is, unstable angina
and recent myocardial infarction) were equally represented
in the two groups is reassuring that these findings are not
limited to a subgroup of patients .
Conclusions. We systematically examined changes in
atherosclerotic coronary arteries after coronary angioplasty
and directional coronary atherectomy by intracoronary ul-
trasound imaging both before and after successful proce-
dures. The predominant mechanism of lumen enlargement
by angioplasty is vessel expansion or stretching, although
plaque area reduction does occur and may be the sole
mechanism in some lesions . In contrast, the predominant
mechanism of lumen enlargement in atherectomy is plaque
area reduction, which most likely is tissue removal (atherec-
tomy effect) . However, in some atherectomy-treated pa-
tients, all or part of the lumen gain occurs because of vessel
stretching (balloon effect) . Additionally, in eccentric lesions,
lumen enlargement after atherectomy was more likely to be
due to plaque reduction that to vessel stretching . These
differences in the mechanisms of lumen enlargement may
account for the differences seen in restenosis between an-
gioplasty and atherectomy (11, 12)
. This better understanding
of the mechanisms of lumen enlargement after coronary
angioplasty and directional coronary atherectomy will aid in
more specific approaches to problems of acute complications
and restenosis after these procedures .
We acknowledge the tireless and enthusiastic assistance of Kathy Stewart in
performing these studies . Teresa Johnson's assistance in preparing the figures
and Nova Combs' revisions of the manuscript are greatly appreciated
.
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